We have discovered an extraordinarily large mean longitudinal magnetic field of 7.5 kG in the ultra-cool low mass Ap star HD 154708 using FORS 1 in spectropolarimetric mode. From UVES spectra, we have measured a mean magnetic field modulus of 24.5 kG. This is the second-largest mean magnetic field modulus ever measured in an Ap star. Furthermore, it is very likely that this star is one of the coolest and least massive among the Ap stars and is located in the H-R diagram in the same region in which rapidly oscillating Ap stars have been detected. We note that all known roAp stars have much smaller magnetic fields, by at least a factor of three.
Introduction
A large variety of physical processes occur in the atmospheres of upper main sequence stars that have not yet been fully incorporated into stellar models, or even securely identified and understood. These processes include convection, turbulence, meridional circulation currents, diffusion of trace elements within the dominant hydrogen plasma, and mass loss through stellar winds. The chemically peculiar stars, Ap and Bp stars, play a key role in our efforts to understand the relevant physics, since it is in these stars that the effects of the various processes acting below, in and above the stellar atmosphere are most clearly visible. Ap and Bp stars are main-sequence A and B stars in the spectra of which the lines of some elements are abnormally strong (e.g., Si, Sr, rare earths) or weak (in particular, He). Among Ap stars, the magnetic chemically peculiar stars are particularly important. For a long time, Ap stars were the only non-degenerate stars beside the sun in which direct detections of magnetic fields had been achieved.
Recently, we carried out a systematic search for magnetic fields in chemically peculiar stars whose magnetic field has never been studied before. The goal of this study was to statistically enlarge our data sample by including all southern stars for which the position in the H-R diagram is known from accurate Hipparcos (ESA 1997) parallaxes (σ(π)/π < 0.2) and from photometric data in the Geneva and Strömgren systems, used to determine their effective temperatures. In the course of this study we discovered an extreme magnetic Ap star, HD 154708 (= CD −57
• 6753), which has one of the strongest magnetic longitudinal fields ever detected in an Ap star. In the following we give details on our magnetic field measurements, the determination of the fundamental parameters of this star, and briefly discuss the appearance of the spectrum.
Observations and magnetic field measurements
Magnetic stars generally have large-scale organized magnetic fields that can be diagnosed through observations of circular polarization in spectral lines. Observations of the wavelength shift between spectral lines recorded in right-hand circular polarized light (RCP) and left-hand circular polarized light (LCP) with FORS 1 in spectropolarimetric mode have been the main source of stellar magnetic field measurements during recent years at the VLT (e.g., Bagnulo et al. 2002; Hubrig et al. 2004) . Most Ap and Bp stars have magnetic fields which, in first approximation, are dipolar; the dipole axis is generally inclined with respect to the stellar rotation axis. This simple dipolar structure is very favourable for observations of a global wavelength shift of disk-integrated spectral lines between RCP and LCP.
We have obtained a longitudinal field determination for HD 154708 with FORS 1 at the VLT, which is a multi-mode instrument equipped with polarization analyzing optics comprising super-achromatic half-wave and quarter-wave phase retarder plates, and a Wollaston prism with a beam divergence of 22 in standard resolution mode. We used a non-standard readout mode with low gain (A, 1 × 1, low) and the GRISM 600B with the narrowest available slit width of 0. 4 in the wavelength range 3480-5890 Å to cover all hydrogen Balmer lines from Hβ to the Balmer jump at a spectral resolution of R ∼ 2000. The determination of the mean longitudinal fields using FORS 1 is described in detail in Bagnulo et al. (2002) and Hubrig et al. (2004) . Eight spectra of HD 154708 in circular polarized light using two different retarder waveplate setups (α = +45
• and −45 • ) at S /N > 1000 have been recorded on 2004 September 19. The measurements of the circular polarization of opposite sign induced in the wings of each Balmer line by the Zeeman effect revealed an extraordinarily large longitudinal magnetic field B z = 7.5 ± 0.05 kG. Figure 1 shows both, the Stokes I and V/I spectra of this star in the vicinity of the Hβ line.
HD 154708 has never been studied in detail in the past and there are only four references in the SIMBAD database. It is very likely that it is one of the coolest and least massive Ap stars known. Using Geneva photometry (Rufener 1988; Burki et al. 2005 ) and the Hipparcos parallax, we obtain for HD 154708 T eff = 6800 K and log g = 4.11 ± 0.15 (assuming a ±300 K uncertainty on T eff ), using the T eff calibration of the B2 − G index (Hauck & North 1993, Eq. (2) ) which has to be slightly extrapolated here: according to this colour index, this star is clearly among the coolest Ap stars. The uvbyβ colours (Knude 1977) lead to a hotter temperature T eff = 7500 K through the calibration of Napiwotzki et al. (1993) , but they are severely distorted by the peculiar nature of the star, especially through the λ 5200 depression. The stellar mass of 1.5 ± 0.1 M results from interpolation of the evolutionary tracks of Schaller et al. (1992) for a solar metallicity Z = 0.020 as explained by North et al. (1997) , though without the Lutz-Kelker correction, which is smaller than the error bar. This star with a mass of 1.5 M lies far beyond the cooler edge of the empirically determined δ Scuti instability strip and shares the region in the H-R diagram with two of the coolest and lowest mass rapidly oscillating Ap stars, HD 101065 and HD 217522, pulsating with periods of 12.1 min and 11.5 min, respectively (Hubrig et al. 2000a; Kurtz 1978; Kurtz 1983) .
The rapidly oscillating Ap stars (roAp) were the first stars for which high-overtone p-mode pulsations have been definitely detected and are, therefore, prime candidates for asteroseismological studies. They are found among the cool magnetic chemically peculiar stars and pulsate with periods between 5.6 and 21 min with photometric B amplitudes of tenths of a mmag up to 6 mmag, and radial velocity amplitudes of a few m s −1 up to 5 km s −1 . The indirect effect of the magnetic field on pulsations, through the suppression of envelope convection, seems to be of prime importance to the excitation of the oscillations observed in roAp stars (Balmforth et al. 2001; Cunha 2002) . Moreover, the direct effect of the magnetic field also leads to a selective damping that may be responsible for the fact that only certain modes are excited in certain stars (Cunha & Gough 2000; Saio 2005 ). There are 34 such stars currently known. Detailed reviews of the photometric results for roAp stars have been published by Kurtz (1990) , Matthews (1991) , and Kurtz & Martinez (2000) . The radial velocity studies have not yet been reviewed; see Mkrtichian & Hatzes (2005) , Kurtz et al. (2005) , Kochukhov (2004) , Kochukhov & Ryabchikova (2001) for some examples of the rich results coming from the radial velocity studies. It is clear that high resolution spectroscopy is more powerful and sensitive than photometry to detect and characterise pulsations in roAp stars. Figure 2 shows the distribution of roAp and non-oscillating Ap (noAp) stars with available Hipparcos parallaxes in the astrometric H-R diagram (Arenou & Luri 1999) , taken from Hubrig et al. (2000a) . The a V values of the Ap stars can be compared to those of the theoretical evolutionary tracks, since the bolometric correction of cool Ap stars differs little from the standard one. HD 154708 is indicated by a 6-branch star at two positions: one (to the left) corresponding to the uvbyβ effective temperature of 7500 K, the other (to the right) corresponding to the Geneva B2 − G temperature of 6800 K, assuming E(B − V) ∼ 0.05 or E(B2 − G) ∼ 0.06, suggested by the reddening maps of Lucke (1980) . A large number of spectra for a search of oscillations in HD 154708 have been taken with UVES at the VLT on 2005 May 19, in a short spectral region (5000-7000 Å) at a resolving power of λ/∆λ ≈ 1.1 × 10 5 . We used the average spectrum at S /N ∼ 140 which is the average of all time series spectra taken with short exposures for the measurement of the mean magnetic field modulus and for a preliminary abundance analysis. As expected, most spectral lines appear resolved into (ZAMS) is an isochrone at log t = 5.7 based on the models of Schaller et al. (1992) for Z = 0.020. The dotted curves are the isochrones at the indicated log t, while the dashed curves are the main sequence parts of the evolutionary tracks for masses between 1.5 and 2.5 M . HD 154708 is indicated by a 6-branch star at two positions: one (to the left) corresponding to the uvbyβ effective temperature of 7500 K, the other (to the right) corresponding to the Geneva B2-G temperature of 6800 K. magnetically split components (Fig. 3) , so that we can easily measure the mean magnetic field modulus from the separation of the σ, or σ and π components. Taking an average of all measurements we obtain B = 24.5 ± 1.0 kG. We should note that this is the second highest value of a field modulus ever measured in Ap and Bp stars. Up to now, the number of magnetic stars with a measured mean magnetic field modulus using magnetically resolved lines was 47. But only one star in this sample, HD 215441 of BpSi spectral type, has a surface field larger than 20 kG (Babcock 1960) .
The magnetic field of HD 154708 is so strong that we are not able to interpret the spectrum in the region where the Fe  lines λ 6147.7 and λ 6149.2, which belong to the same multiplet, are generally observed in Ap stars. Features corresponding to the transitions from which these lines arise are probably present in the spectrum of HD 154708, but distorted beyond recognition by partial Paschen-Back effect (Fig. 3) . Accordingly, the Zeeman doublet Fe  λ 6149.2, which is one the most often used diagnostics of the mean magnetic field modulus in Ap and Bp stars (Mathys et al. 1997) , cannot be exploited here for determination of this field moment, due to the very strong magnetic field. Instead it should be modeled accounting properly for the physics of the partial Paschen-Back effect. This will be the subject of future work. Our estimate of the mean magnetic field modulus was based on the measurement of the Nd  λ 6145.1 line (see Fig. 3 ) with an effective Landé factor g eff = 1.125 and a few other suitable lines of iron-peak elements with simple Zeeman patterns, using a Gaussian and a centre-of-gravity method.
The v sin i value of this star is very low. The best fit to the observed spectral line profile of the magnetically insensitive line Fe  λ 5434.5 results in v sin i = 1.0 km s −1 . Our preliminary abundance analysis in the available short spectral region indicates that abundances of iron peak elements and rare-earth elements are very similar to those of roAp stars. The study of the rare-earth elements Pr and Nd reveals a difference of about 1 dex in the abundances derived from the first and second ions. This Pr-Nd anomaly is usually explained by vertical abundance stratification of these elements in the stellar atmosphere and is a strong indicator that the star is expected to be a roAp star (e.g., Ryabchikova et al. 2004 ).
Discussion and outlook
Strongly magnetic stars are of special interest because only in these stars the effect of the magnetic field on the stellar atmospheres can be studied with the greatest detail and accuracy. The information on the very strong magnetic field, together with the results on vertical and horizontal abundance inhomogeneities of various chemical elements should be used to calculate a realistic model atmosphere for HD 154708 which will be confronted with the predictions of current diffusion models. The presence of such a huge magnetic field in a very cool Ap star is especially intriguing in view of the previous studies of the strength of magnetic fields in Ap and Bp stars of different mass and effective temperature (Thompson et al. 1987; Mathys et al. 1997; Hubrig et al. 2000b ) which showed that the hotter and more massive Bp stars tend to exhibit stronger magnetic fields.
An additional interest to study this star arises from its position in the H-R diagram (Fig. 2) . Because of the location of HD 154708 in the same region of parameter space in which rapidly oscillating Ap stars have been detected, this star is an excellent candidate for a search of variations of radial velocities and field modulus through a possible pulsation cycle and to study radial distribution of the pulsational amplitudes and phases through the atmosphere. HD 154708 was searched on five separate occasions photometrically by Martinez & Kurtz (1994) and also by Handler & Paunzen (1999) with no detected oscillations in any case. But, as was pointed out in the previous section, HD 154708 shows the ionisation disequilibrium typical of roAp stars and high precision radial velocity studies are much more sensitive for detecting low amplitude pulsation in roAp stars. A study is underway of the radial velocities using the 121 spectra (obtained with a time resolution of 63 s) that were averaged to produce Fig. 3 . Its results will be reported in a future publication. If pulsations are detected, it will be the first roAp star with such an extremely large mean longitudinal magnetic field and mean field modulus.
Certainly, additional observations of this extreme magnetic Ap star over a much larger spectral region should be conducted to determine the magnetic field geometry and to carry out a careful multi-element abundance analysis. Such an analysis is also important for a comparison with the abundance pattern and the behaviour of the magnetic field in other cool pulsating Ap stars. The confirmation of an inconsistency between abundances derived from weak and strong spectral lines and the lines of different ions would provide clear evidence for prominent vertical abundance stratification of certain chemical elements which is frequently found in roAp stars. Also the possible presence of radial gradients of the magnetic field in the atmosphere of HD 154708 should be critically examined by measurements of the mean magnetic field modulus from spectral lines resolved into magnetically split components lying on different sides of the Balmer jump, in a similar way as has been done by Nesvacil et al. (2004) . We have recently applied for VLT director's discretionary time to obtain UVES spectra over the range 3030-9460 Å with the highest spectral resolution and at high S /N, but unfortunately the DDT committee found this science not interesting.
